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Intracellular distribution of carbonic anhydrase in the rat kid-
ney. The rat kidney was studied by lightand electron microscope
after it was histochemically stained for carbonic anhydrase activ-
ity. Glomeruli and Bowman's capsule were inactive. Convoluted
proximal tubules showed intense activity at the brush border and
the basolateral membranes. Cytoplasmic activity also was
found. Straight proximal tubules had considerable enzyme activ-
ity at basolateral membranes but only low activity at the brush
border and in the cytoplasm. In nephrons with long loops, the
descending thin limb contained cytoplasmic enzyme activity,
whereas the ascending thin limb was inactive. Thin limbs of short
loops showed a varying enzyme pattern. In the thick limb of
Henle's loop, most enzyme activity was found at the luminal cell
border. Distal convoluted tubules showed enzyme activity only
at basal infolded membranes. In the late distal tubule, inter-
calated cells appear among the "ordinary" distal cells, and they
contained abundant cytoplasmic enzyme. Many highly active in-
tercalated cells were found also in the cortical and outer medul-
lary segments of the collecting duct. The chief cells in these seg-
ments also showed some cytoplasmic enzyme activity. In the in-
ner medullary segment of the collecting duct, enzyme activity
disappeared gradually, and the tip of the papilla lacked activity.
Acetazolamide (10 LM) completely abolished visible staining,
whereas Cl 13850 (10 zM), an inactive acetazolamide analogue,
did not interfere with the staining.
Distribution intracellulaire de l'anhydrase carbonique dans Ic
rein de rat. Le rein de rat a étd étudië en microscopie photonique
et electronique aprs coloration histochimique pour l'activit de
l'anhydrase carbonique. Le glomérule et Ia capsule de Bowman
ne sont pas actifs. Une activitd intense est détectde dans le tube
contourn proximal; dIe siege dans Ia bordure en brosse et Ia
membrane baso-latérale. Une activité cytoplasmique est aussi
présente. La pars recta a aussi une activité enzymatique consid-
érable sur Ia membrane basolatdrale, mais une activitd faible
dans Ic cytoplasme et Ia bordure en brosse. Dans les ndphrons a
anses longues, Ia branche grele descendante contient une acti-
vitC enzymatique, a Ia difference de Ia branche grCle ascendante.
Les branches gréles des anses courtes ont des modalitds
d'activitC variables. Dans Ia branche large ascendante Ia plus
grande partie de l'activitC siege Ic long de Ia limite luminale de Ia
cellule. Dans Ic tube contournd distal l'activitd enzymatique est
localisée aux invaginations de Ia basale. Dans le tube distal, plus
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en aval, les cellules intercalaires apparaissent parmi les cellules
'ordinaires" et elles contiennent l'enzyme en abondance dans Ic
cytoplasme. Beaucoup de cellules intercalaires trés actives exis-
tent aussi dans les segments corticaux et mCdullaires externes du
canal collecteur. Les cellules principales de ces segments ont
aussi une certaine activitd cytoplasmique. Dans Ic segment me-
dullaire interne du canal collecteur l'activitC enzymatique dis-
parait progressivement, elle est nulle a l'extrëmitë de Ia papille.
L'acdtazolamide (10 M) abolit complètement Ia coloration
alors que Cl 13850 (10 LM), un analogue inactif de l'acétazol-
amide, ne modifie pas Ia coloration.
The presence of carbonic anhydrase in the kidney
was first demonstrated by Davenport and Wilhelmi
[1]. It is generally held that the enzyme is important
for urinary acidification [2]. The exact role for the
enzyme in the kidney is not clear, however [3—5].
One of the reasons for this is a lack of information
on the intracellular distribution of the enzyme in the
different parts of the nephron.
In the present work, the rat kidney was studied
by a new technique with semithin sections of plas-
tic-embedded tissue, which were stained by the
slightly modified histochemical method of Hansson
as described by Ridderstrále [6]. The method of
Hansson [7, 8] is a well-documented and specific [9-
11] method for the demonstration of carbonic anhy-
drase activity in tissue sections. The validity of re-
sults obtained by the modified method used here
has been discussed by Ridderstrále [6].
The new technique used here gives an excellent
tissue preservation and enables a detailed study of
the intracellular localization of the enzyme with
both light and electron microscopy. This has not
been possible in previous histochemical studies of
the rat kidney [8, 12]. The present study shows that
the intracellular distribution of the enzyme varies
markedly between different nephron segments, and
sometimes even between neighboring cells. The
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physiologic and pharmacologic implications of
these findings are discussed.
Methods
Male Sprague-Dawley rats, each weighing 250 to
450 g, were used. They were fed standard rat pellets
and tap water ad fib. Kidneys were taken from 20
animals. The rats were anesthetized with pentobar-
bital sodium (30 mg/kg of body wt, i.v.). A polyeth-
ylene tube was inserted into the abdominal aorta.
The kidney was perfused, first with 0.9% sodium
chloride for 10 to 15 sec to remove the erythrocytes,
and then with 2.5% glutaraldehyde (Glutaraldehyde
EM, TAAB Laboratories, Reading, Gt. Britain)
buffered to a pH of 7.4 by 0.1 M phosphate buffer
for 15 mm. The perfusion pressure was 150cm H20,
and the renal vein was opened to secure free flow.
The kidney then was removed and cut into slices
about 1-mm thick, which were immersed in the
glutaraldehyde solution for 1 to 2 hr. Then, the tis-
sue slices were embedded in the water-soluble resin
JB-4 (Polysciences, Inc., Warrington, Pennsylva-
nia), sectioned for both light and electron micros-
copy, and stained for demonstration of carbonic an-
hydrase activity as described by Ridderstrále [6].
The incubation medium always contained 3.5 mM
cobalt sulfate, and the incubation time was 2 to 8
mm. Longer incubation times were not used with
this high concentration of cobalt sulfate, because
they produce a clearly visible surface film on the
incubation medium and unspecific precipitation in
the sections. In all photomicrographs shown, in-
cubation times of 5 to 8 mm were used. For light
microscopy, 0.75- to 2-jim thick sections were
used. Some sections were counterstained with he-
matoxylin and eosin. The sections were mounted in
Eukitt. For electron microscopy, sections of about
0.2- to 0.3-/.Lm thickness were used. Reproducible
staining could not be achieved with thinner sec-
tions.
Specificity tests. Throughout the work, the speci-
ficity of the staining procedure was checked by in-
cubation of sections in the presence of 10 MM aceta-
zolamide (Diamox®, American Cyanamid Compa-
ny, Pearl River, New York), a specific inhibitor of
carbonic anhydrase [15]. This concentration of
acetazolamide completely abolished visible staining
(Fig. I B), whereas the presence of 10 MM of the
inactive control substance Cl 13850 [13], a N5-t-bu-
tyl-analogue of acetazolamide (American Cyanamid
Company), did not interfere with the staining (Fig. 1
C).
Sections incubated in a medium without any sub-
strate, that is, sodium bicarbonate, remained un-
stained.
Nomenclature. The different parts of the kidney
tubules were named mainly according to Tisher
[14]: convoluted and straight parts of proximal tu-
bule, thin limb of Henle, thick limb of Henle (often
called straight part of distal tubule), distal con-
voluted tubule, and initial collecting tubule, which
empties into the collecting duct (Fig. 2).
Results
Renal corpuscle. The glomeruli and Bowman's
capsule were unstained (Fig. 3) except for single
erythrocytes occasionally found in the glomerular
capillaries (not shown).
Proximal tubule, convoluted part. Carbonic an-
hydrase activity was found in the cells of the proxi-
mal tubule from its very beginning at the glomerulus
(Fig. 3). The staining pattern remained similar in the
whole convoluted part.
With the light microscope (Fig. 4), we found
heavy staining in the basal part of the cells, with a
striated precipitation pattern. The brush border re-
gion also was stained heavily, whereas cytoplasmic
staining was less intense. The staining of the nuclei
varied.
In the electron microscope (Fig. 5), it was clear
that the black precipitate in the basal part of the
cells was associated with the membranes that form
the so-called basal infoldings. The elongated mito-
chondria located between the infoldings were un-
stained. Lateral cell membranes were also stained
(Fig. 5, arrows). The microvilli forming the brush
border showed intense staining, and the precipitate
appeared to be associated mainly with the envelop-
ing membrane of the microvilli (see cross-sectioned
microvilli in Fig. 5). It could not be decided, how-
ever, if the active site of the enzyme is situated at
the inner or outer (luminal) side of the membrane.
Considerable staining was found also in the zone
below the brush border. It seemed to be associated
with the membranes of the numerous small vesicles
found here, but staining of the apical cytoplasm
might have contributed also. "Empty" areas be-
tween the cell organelles showed stain deposits,
which probably represent cytoplasmic enzyme ac-
tivity.
Thus, carbonic anhydrase is located in or close to
several membrane structures, in addition to its pres-
ence in the cytoplasm of these cells.
Straight part. This part of the proximal tubule
showed considerably less enzyme activity than the
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Fig. 1: Outer cortex. A Staining with ordinary medium. B Complete inhibition by 10 p.M acetazolamide. C Lack ofeffect of 10 p.M Cl
13850. All sections were cut from the same piece of tissue, Incubation time was 5 mm. (Weak counterstaining with hematoxylin and
eosin; magnification, x560)
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Fig. 2. Diagram showing the distribution of carbonic anhydrase activity in rat kidney tubules. The tubular cells are depicted so that the
luminal side is always towards the top of the picture. Heavy contours indicate enzyme activity at cell membranes. Intracellular enzyme
activity is denoted by dotted areas, with number of dots indicating amount of enzyme activity. The two kinds of enzyme-carrying cells in
C are also present in IC. G is Bowman's capsule with its glomerulus; P is proximal tubule, convoluted part; P, is proximal tubule, straight
part; Tn is thin limb of Henle; T is thick limb of Henle; D1 is early distal convoluted tubule; D2 is late distal convoluted tubule; IC is initial
collecting tubule; C is collecting duct.
Fig. 3. Glomerulus with initial part of a proximal tubule. G is unstained glomerulus surrounded by proximal tubules. D is distal tubule.
(Magnification, X350)
Fig. 4. Proximal tubule, convoluted part. (Magnification, x 875)
convoluted part. The most striking difference was
the weak activity found in the brush border (Fig. 6).
At the transition from the convoluted to the
straight part the enzyme pattern sometimes
changed abruptly (Fig. 7, arrows). The change was
sometimes gradual, however, with different cells in-
termingling for some distance (Fig. 7).
Figure 8 shows the appearance of typical straight
proximal tubular cells in the electron microscope.
Most staining is found in the basal part of the cells,
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Fig. 5. Proximal tubule, con voluted part. Intensely stained basal and lateral (arrows) membranes and brush border are shown. Cross-
sectioned brush border is in the upper right corner. N is nucleus, L is lumen, Pc is peritubular space, V is vacuoles. (Magnification, x
5400 EM)
Fig. 6. Convoluted (PC) and straight (PS) parts of proximal tubule. (Magnification, x875)
Fig. 7. Convoluted (PC) and straight (PS) parts of proximal tubule. Transition is shown between the two parts with sudden decrease of
brush border staining (arrot's). PS shows intermingling of cells with light and heavy brush border staining. T is thick limb of Henle.
(Magnification, x 500)
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Fig. 8 Proximal tubule, straight part. Intense staining is at the lateral and basal infolded membranes. Brush border (top right) and
cytoplasm show only weak staining. D is dense cytoplasmic bodies (without stain deposits), N is nucleus, T is thick limb of Henle.
(Magnification, x5400 EM)
where stain deposits are located at infolded basal
membranes. The infoldings are less elaborate than
they are in the convoluted part (cf. Fig. 5), a well-
known structural difference between the cells of
these parts [14]. Lateral cell membranes also are
stained clearly. The brush border shows only weak
staining, and so does the cytoplasm and the zone
below the brush border.
Tubules without any brush border staining were
found sometimes. This lack of staining could not be
attributed to any special portion of the straight part.
The varying staining could be due to differences in
enzyme activity. Another explanation is that the
low enzyme activity in the brush border is close to
the detection threshold of the method.
The straight proximal tubules descend into the
outer stripe of the medulla, where they change into
thin limbs of Henle. This allows a certain identifica-
tion of the end portion of the straight part. It was
found to stain like the rest of this part (Fig. 9).
Thin limb of Henle. Many thin limbs were ob-
served at the transition from proximal tubule into
thin limb, and they always showed carbonic anhy-
drase activity (Fig. 9). Similarly stained thin limbs
were observed in the whole medulla (Fig. 11) except
for the innermost part close to the papilla where no
stained thin limbs were found (see Fig. 19).
In the electron microscope, stain deposits were
seen in the whole cells, indicating a cytoplasmic en-
zyme, apparently without any local accumulation
within the cells (not shown).
Thin limbs of long loops observed at the point of
transition into the thick limb were always unstained
(Fig. 10). The change from the stained to the un-
stained part of these thin limbs seems to occur in
the inner half of the inner medullary zone shortly
before the hairpin turn. Several observations sup-
port this idea: (I) Stained thin limbs were never
found in the innermost part of the medulla. Thus, at
least the longest thin limbs, which reach this part of
• .CrSI '• it_iF;,
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Fig. 9. Straight part of proximal tubule (P) changing into thin limb of Henle (Tn). Outer stripe of medulla is shown. T is thick limb of
Henle. (Counterstaining with hematoxylin and eosin; magnification, X 1100)
Fig. 10. Transition fro,n unstained ascending thin limb (Tn) into thick limb (T). Border between inner and outer zone of medulla is shown.
C is collecting duct. (Magnification, x700)
Fig. 11. Thin (Tn) and thick (T) limbs of Henle in outer zone of medulla. Note stained erythrocytes (arrow). (Magnification, X 1100)
the medulla, become unstained before they turn. (2)
Stained thin limbs forming hairpin turns were never
seen. (3) The change from stained to unstained thin
limbs sometimes was observed in the inner medulla;
the staining gradually decreased and finally dis-
appeared towards the papilla.
The thin limbs of short loops of Henle have only a
descending part, because they change into the thick
limb before the hairpin turn. Such changes were
identified here, and the staining of the thin limb at
this point was found to vary: stained and unstained
thin limbs were observed. Thus, some short loops
apparently have thin limbs stained all along their
course, whereas others have thin limbs with an un-
stained terminal portion.
Thick limb of Henle. In the light microscope, the
cells showed an accumulation of stain deposits at
the luminal cell border, and a striated staining pat-
tern in the cell interior (Figs. 10 and 11). The elec-
tron microscope revealed that this pattern was due
to numerous elongated unstained mitochondria,
surrounded by stained areas that largely consisted
of deeply invaginated basal cell membranes (Fig.
12). Very dense staining was found at the apical
cell membrane, with a less stained region below.
The presence of cytoplasmic staining was somewhat
difficult to evaluate, but we favor the interpretation
that there is cytoplasmic enzyme activity at least
in the apical part of the cells.
The macula densa cells were not studied in this
investigation.
Distal convoluted tubule. The staining pattern of
the distal convoluted tubule was quite different
from that of the thick limb. Even within the distal
tubule, differences were found, so that an early and
a late segment could be distinguished (D1 and D2 in
Fig. 2).
In the early part of the distal tubule, the staining
was restricted to the basal half of the cell (Fig. 13).
A striated staining pattern was obvious in the light
microscope. The electron microscope showed that
this was due to distinct staining of the basal infolded
membranes, whereas the remainder of the cells was
unstained (see Fig. 15, "ordinary" distal cell).
In the late part, so-called intercalated cells appear
among the "ordinary" distal tubular cells. The in-
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Fig. 12. Thick limb of Henle in outer stripe of medulla. Heavy staining is shown at apical cell membrane (top) with its blunt microvilli.
Elongated mitochondria are unstained. (Magnification, X 12,900 EM)
Fig. 13. Early distal convoluted tubule (D) in outer cortex. P is proximal tubule; IC is initial collecting tubule. (Magnification, )<800)
Fig. 14. Late distal convoluted tubule in outer cortex. Heavily stained intercalated cells are shown among basally stained "ordinary"
distal cells. (Magnification, >< 1400)
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tercalated cells are characterized by numerous
small mitochondria randomly distributed in the
cytoplasm. Ordinary distal cells, on the other hand,
have elongated mitochondria enclosed by invagina-
tions of the basal membranes. Intercalated cells al-
so have more prominent microvilli than do ordinary
distal cells [16, 17].
The intercalated cells showed very intense cyto-
plasmic staining (Figs. 14 and 15). The numerous
small mitochondria were unstained, giving the cells
a "Swiss-cheese-like" appearance visible also in
good light microscopic sections. Whether inter-
calated cells also have membrane-bound activity
could not be decided with certainty, due to the heavy
cytoplasmic staining. The microvilli were clearly
stained. The deposits seemed to be located in their
interior rather than in the enveloping membrane.
This observation needs to be confirmed, however,
in studies where higher resolution is obtained.
No attempt was made to quantify the number of
the different cells, but a rough estimate is that 30 to
50% were intercalated cells in the late distal con-
voluted tubule.
Initial collecting tubule and collecting duct. The
epithelium of the initial collecting tubule and col-
lecting duct is known to consist of two cell types,
chief and intercalated cells [14]. These cells were
found to have different staining characteristics.
Cortical and outer medullary segments. The ini-
tial collecting tubules and the collecting ducts in the
cortex and the outer medullary zone were similarly
stained. The intercalated cells showed very intense
cytoplasmic staining (Figs. 16 and 17) and on the
whole appeared very similar to the intercalated cells
in the late distal tubule. The chief cells also had
cytoplasmic staining, but it was less intense. This
difference was most clearly seen after short in-
cubation times. With longer times, the staining of
both cell types was considerable.
Inner medullary segment. In the outer third of the
inner medullary zone, the staining of the collecting
ducts resembled that in the outer medullary seg-
ment. The intercalated cells were less common,
however.
In the middle third, no intercalated cells were
found. The staining of the chief cells gradually be-
Fig. 15. Late distal convoluted tubule in outer cortex. Intercalated cell (middle) shows dense cytoplasmic staining. Ordinary" distal
cells (D) are only stained at basal infolded membranes. L is lumen; Pe is peritubular space. (Magnification, x5400 EM)
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Fig. 16. Collecting duct in outer zone of medulla. Intercalated cell (right) and chief cell (left) are shown. L is lumen. (Magnification, X
12,900 EM).
came weaker toward the papilla (Fig. 18). In the in-
ner third, the staining disappeared completely. In
the very tip of the papilla, no staining was found
(Fig. 19).
Renal interstitium. Besides the kidney tubules,
no staining was seen in the kidney tissue, except for
the single erythrocytes that were found occasion-
ally. Vessels and their endothelium, nerve fibers, or
interstitial cells showed no enzyme activity.
Discussion
Carbonic anhydrase in the rat kidney: Previous
and present findings. Previous histochemical stud-
ies of the rat kidney by the method of Hansson [8,
12] have outlined the distribution of carbonic anhy-
drase along the nephron. Frozen tissues, fixed or
unfixed, were used for light microscopic observations
in these studies. The present investigation gives a
much more detailed picture. Our data correlate well
with previous ones, with only one exception: in un-
fixed sections no activity was found in any part of
the thin limb of Henle [12], whereas the present
study shows clearcut staining of the major part of
the descending thin limb. This could be due to loss
of a soluble cytoplasmic enzyme from the cells of
the thin limb in the unfixed sections. This view is
supported by the finding that the staining in the thin
limb is cytoplasmic (see Results).
All kidney cells previously reported to contain
carbonic anhydrase, showed activity in plastic-em-
bedded tissue, too. Thus, any selective inactivation
of the enzyme due to the embedding procedure used
here was not observed.
Biochemical techniques also have been used in
attempts to localize carbonic anhydrase in the rat
kidney. Whole kidneys [18-20] or kidney cortex
[21] have been homogenized, and subcellular frac-
tions have been prepared. All studies agree that
most of the enzyme is present in the supernatant
fraction and that this probably represents a soluble
cytoplasmic enzyme. This corresponds with the
present findings of cytoplasmic activity in many
segments of the nephron (see Fig. 2).
Using refined separation techniques, Wistrand
and Kinne [21] recently have demonstrated enzyme
activity in highly purified brush border membranes
of rat kidney cortical cells. Obviously this finding
agrees well with the present demonstration of high
enzyme activity in the brush border of convoluted
proximal tubules. Wistrand and Kinne also found
tc
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Fig. 17. Collecting duct in outer zone of medulla. Heavily stained intercalated cells are shown among less stained chief cells. (Magnifica-
tion, x 1400)
Fig. 18. Collecting ducts in inner zone of,nedulla, close to 11w papilla. (Magnification, x350)
Fig. 19. Renal papilla. Phase contrast has been used to visualize the unstained tissue. (Magnification, x350)
tightly bound enzyme in purified basolateral cell
membranes. The origin of these membranes is prob-
ably proximal tubules, as well as distal convoluted
tubules, because both segments show, histochemi-
cally, marked activity at basolateral membranes.
Nuclear preparations from whole kidney homog-
enates have shown some enzyme activity [18, 19],
but it might have been caused by contamination
with cytoplasmic enzyme. In the present study, nu-
clear staining varied considerably: Otherwise in-
active cells (ascending thin limbs, terminal collect-
ing ducts, renal interstitium) never showed nuclear
staining. In many other tubular cells, however, nu-
clei were stained clearly. In unfixed rat kidneys, no
nuclear staining is found, and its specificity has
been debated [7, 8, 12]. It would seem that only the
preparation of highly purified nuclear fractions can
solve this problem.
Purified mitochondrial preparations lack signifi-
cant enzyme activity [22]. This agrees well with the
present findings that all mitochondria observed
were unstained.
Thus, there is a good correlation between avail-
able biochemical data and the present histochemical
findings.
Physiologic and pharmacologic implications.
The following discussion will be restricted to the
role of carbonic anhydrase in urinary acidification.
In the cells of the convoluted part of the proximal
tubule, carbonic anhydrase was found at several
sites, suggesting that it might have several different
roles in these cells. Some data support this idea.
Cytoplasmic carbonic anhydrase is generally
thought to furnish hydrogen ions to be secreted into
the tubular fluid [4]. The presence of a brush border
enzyme as shown here is in agreement with bio-
chemical data [21], that the brush border mem-
branes indeed contain carbonic anhydrase. Its func-
tion is not clear. According to Rector, Carter, and
Seldin [23], the enzyme would catalyze the rapid
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I .1I
I
'
C
(
1 19
I
Carbonic anhydrase in the rat kidney 173
dehydration of carbonic acid, formed from the reac-
tion of secreted hydrogen ions with filtered bicar-
bonate. It would thereby prevent the accumulation
of carbonic acid in the tubular fluid and the genera-
tion of steep pH gradients.
Another function of the brush border enzyme
could be to facilitate the transport of carbon dioxide
across the luminal membrane according to the mod-
el proposed by Enns [24]. This idea is supported by
the findings of Karimark and Danielsson [25] and
Sothell and Karlmark [26], that there is a carbon
dioxide gradient across the proximal tubular wall,
which increases during acetazolamide treatment.
The present demonstration of carbonic anhydrase
in the basolateral membranes of the proximal tubule
agrees well with some recent micropuncture studies
[27, 28]. They showed that the transfer of bicar-
bonate (or hydroxyl) ions through pertibular mem-
branes can be depressed by the inhibitor acetazol-
amide, indicating that the transfer might depend on
carbonic anhydrase. Such a role for the enzyme has
been discussed also by Maren [3].
It should be pointed out that neither histochemi-
cal nor biochemical studies have so far been able to
decide if the active site of the enzyme faces the in-
ner or the outer side of the brush border and baso-
lateral membranes.
The present finding that the distribution of the en-
zyme in the straight part of the proximal tubule dif-
fers from that of the convoluted part may be logical-
ly connected with the circumstance that the rate of
acetazolamide-sensitive bicarbonate absorption in
the straight part is only 25% of that in the con-
voluted part in perfused rabbit tubules [29, 30].
The clear difference in enzyme activity between
descending and ascending thin limbs of Henle as
found here adds to previously described structural
differences between descending and ascending thin
limbs [31, 32]. Virtually nothing is known, however,
about the role of the thin limb in urinary acid-
ification.
The cells in the thick limb of Henle contain car-
bonic anhydrase, with an accumulation of the en-
zyme in the apical cell region. The function of the
enzyme in the thick limb remains to be clarified,
however. This nephron segment has been shown to
actively reabsorb chloride ions [33, 34], but it is not
known whether it participates in the acidification of
tubule fluid [4].
There seems to be general agreement that the dis-
tal convoluted tubule participates significantly in
urinary acidification. Thus, bicarbonate reabsorb-
tion, formation of titratable acid, and ammonia Se-
cretion have been found to take place in this region
of the nephron [4]. It is not known, however,
whether these different processes take place along
its whole course. The present findings suggest that
the early and late parts of the distal convoluted tu-
bule might represent functionally different regions.
In the early part, all cells have carbonic anhydrase
activity restricted to the basal membranes, whereas
the late part also contains intercalated cells with
abundant cytoplasmic enzyme. Further work is
needed, however, to clarify the role of these two
cell types.
The collecting duct contributes to urine acid-
ification by establishing steep pH gradients between
urine and blood [4]. It is not known if differences in
function exist between different segments of the
duct. The present demonstration of carbonic anhy-
drase distribution in cortical and outer medullary
segments would suggest an acidifying capacity of
these segments. The disappearance of the enzyme
in the inner medullary zone could indicate a less ac-
tive role in this respect for the cells of the terminal
portion of the collecting duct.
Carbonic anhydrase activity was found in chief
cells and intercalated cells. The latter were particu-
larly active, suggesting that they have an important
role in urine acidification.
The complexity of the distribution of carbonic an-
hydrase in the rat kidney, as presently shown,
should be of importance for the effect of inhibitors
of the enzyme. Obviously, it gives a wide variety of
possible sites of action for such inhibitors.
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